Identification and characterization of an output neuron from the oscillatory molluscan olfactory network.
Synchronous oscillations in olfactory systems have been thought to play critical roles in encoding olfactory information. However, their role in determining behavior is unknown. As a first step toward understanding the decoding process of coherent oscillation, we looked for a neuron in the terrestrial slug Limax marginatus that receives output signals from the procerebrum (PC), which is the olfactory center of Limax. We identified a neuron in the metacerebrum that extends its neurites into both the PC and the metacerebrum, and named it the metacerebro-procerebral neuron (MPN). The MPN exhibited a membrane potential oscillation that was synchronous with the local field potential oscillation in the PC. When we cut the PC off, the membrane potential oscillation of the MPN disappeared. Numerous varicosities were found on the neurites in the metacerebrum, while no varicosities were found on the neurites inside the PC. From these morphological and physiological results, we conclude that the MPN is an output neuron from the PC. The MPN also receives monosynaptic inputs from the superior and inferior tentacle nerves. The MPN thus may receive olfactory information from two pathways, one directly from the sensory organ and the other by way of the PC, possibly functioning to integrate them.